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ABSTRACT 
This report basically discusses the research done and basic understanding of the chosen 
topic, which is High Tensile Strength Concrete. The objective of this project is to 
produce a concrete that can resist high tensile stress since concrete is known very weak 
in tensile. The factor affecting tensile strength and the suitable test to determine the 
concrete tensile strength are discussed in this report. All methods in conducting the 
project are explained consist of the project plan, lab works and calculation needed. 
Tests such as split tensile test, flexural test and compression test to study the effect of 
different size of aggregate towards the tensile strength of concrete are explained. All 
result obtain from the tests are discussed mainly regarding the effect of different 
aggregate size towards concrete strength and at the same time how Silane Coupling 
Agent (SCA) behave as water repellent to the aggregates. The conclusion and 
recommendation section summarized all works that have been done through out the 
semester and recommend suitable solution that might increase the strength of concrete 
in tension for further action in the next semester. 
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1.1 Background Studies 
Concrete is a construction material that consists of cement, aggregate, water and 
admixtures. Concrete solidifies and hardens after mixing and placement due to a 
chemical process known as hydration. The water reacts with the cement which bonds 
the other components together, eventually creating a stone-like material. 
Concrete is widely used worldwide because of its many advantages. Concrete is 
economical, durable and relatively low maintenance requirement. It also has the ability 
to be cast into any desired shape. It is the most frequent material used in construction. 
The ultimate strength of concrete is influenced by the water-cement ratio (wlc), the 
design constituents, and the mixing, placement and curing methods employed. All 
things being equal, concrete with a lower water-cement ratio makes a stronger concrete 
than a higher ratio. A low w/c ratio and fully compacted concrete that means low 
porosity resulting a quality hardened concrete with good strength in both compression 
and tension. 
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1.2 Problem Statement 
Concrete is well known of its high compressive strength, but it is extremely weak in 
tension. Concrete has relatively low tensile strength compared to other building material. 
It has low ductility, low strength-to-weight ratio and cracking problems. Normally, 
tensile strength of concrete is only 5-l 0% of its compressive strength. 
Concrete is a heterogeneous material consisting of three maJor components: bulk 
cement paste, aggregates and interfacial transition zone (ITZ). The aggregates are the 
main volume of the concrete and the bulk cement paste are the one which bond all the 
aggregates together and form a hardened stone-like concrete. In addition, the ITZ is a 
layer between the aggregates and the cement paste where failure due to crack always 
happen in this zone. 
1.3 Objective & Scope of Study 
The objectives of the project are: 
1. To determine the effect of Interfacial Transition Zone (ITZ) to the tensile 
strength of concrete. 
ii. To determine suitable chemical admixture to increase the bond in ITZ. 
The scopes of study for this project are: 
1. Study the effect of different aggregate size towards ITZ. 




2.1 What is Concrete? 
Concrete is defined as a composite material that consists essentially of a binding 
medium within which are embedded particles or fragments of aggregate; in hydraulic-
cement concrete, the binder s formed from a mixture of hydraulic cement and water. 
From the definition itself, concrete is mainly consist of three main elements: cement, 
water and aggregates. 
Cement can be described as a material with adhesive and cohesive properties when 
which make it capable of bonding mineral fragment into a compact whole. Hydraulic 
cement is cement that sets and hardens by chemical interaction with water. Portland 
cement is the important hydraulic cement. It is produced by pulverizing Portland 
cement clinker, consisting essentially of hydraulic calcium silicates, usually by 
intergrinding with small amounts of one or more forms of calcium sulfate in order to 
control reaction rates (A.M Neville, 2002). 
Table 2.1: Main Compounds ofPortland Cement. 
Name of compound Oxide composition Abbreviation 
Tricalcium silicate 3 Ca0.Si02 C3S 
Dicalcium silicate 2CaO.Si02 C2S 
Tricalcium aluminate 3Ca0.Al203 C3A 
Tetracalcium aluminoferrite 4Ca0. Al203.Fe203 C4AF 
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Hydration of cement is the reactions by virtue of which Portland cement becomes a 
bonding agent take place in a water-cement paste. In other words, in the presence of 
water, the silicates and aluminates listed in Table 2.1 form products of hydration which 
in time produce a firm and hard mass - the hydrated cement paste. The two calcium 
silicates are the main cementitious compound in cement. The rate of hydration 
decreases continuously, so that even after a long time there remains an appreciable 
amount of unhydrated cement. That is why concrete need to be cured at least for another 
28 days after it casted so that it can reach 100 percent of it designed strength. 
Aggregate is defined as granular material such as sand, gravel, crushed stone or iron 
blast furnace slag used with a cementing medium to form hydraulic cement concrete or 
mortar. Typically hydraulic-cement concrete has volume fractions of aggregate that 
range approximately from 0.7 to 0.8. The remaining volume is occupied initially by a 
matrix of fresh cement paste consisting of water, cement and admixtures that also 
enclosed air voids. When the aggregates occupy most of the volume, they are relatively 
are inert and intended to be stable. It is the cement paste matrix that undergoes the 
remarkable transformation from nearly fluid paste to rock-hard solid, transform plastic 
concrete into an apparent monolith, and controls many important engineering properties 
of hardened concrete (Klieger, Lamond, 1994 ). 
In manufacturing good quality concrete, two size group of aggregates are used which 
are the fine aggregates that not larger than 5mm in diameter and coarse aggregates that 
at least 5mm in diameter. Many properties of the aggregates depend entirely on the 
properties of the parent rock, e.g. chemical and mineral composition but there are some 
properties possessed by the aggregate but absent in the parent rock: particle shape and 
size, surface texture and absorption. All these properties may have a considerable 
influence on the quality of the concrete either fresh or in the hardened state (A.M 
Neville, 2002). 
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2.2 Strength of Concrete 
Strength of concrete commonly considered its most valuable property, although. In 
many practical cases, other characteristics such as durability and permeability may in 
fact more important. Nevertheless, strength usually gives an overall picture of the 
quality of concrete because strength is directly related to the structure of the hydrated 
cement paste. Moreover the strength of concrete is almost invariably a vital element of 
structural design and is specified for compliance purposes (A. M Neville, 2002). 
The strength of concrete originates from the strength of the hardening cement paste 
which in tum originates from the hydration products. The major portion of the hydration 
products is in the form of a rigid gel, the cement gel (Popovics, 1998). 
In engineering practice, the strength of concrete at a given age and cured in water at a 
prescribed temperature is assumed to depend primarily on two factors only: the 
water/cement ratio and the degree of compaction. When concrete is fully compacted, its 
strength is taken to be inversely proportional to the water/cement ratio. This relation is 
established by Duff Abrams in 1919. 
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Figure 2.1: The relation between strength and water/cement ratio of concrete. 
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The other factor that gives effect to the concrete strength is the property of the coarse 
aggregates. Gilkey in 1961 stated that for given cement and acceptable aggregates, the 
strength that may be developed by a workable, properly placed mixture of cement, 
aggregate and water is influenced by: ratio of cement to mixing water, ratio of cement 
to aggregate, property of aggregate particles and maximum size of the aggregate. The 
stress at which the cracks develop under compression load are depend largely on the 
properties of the coarse aggregate: smooth gravel leads to cracking at lower stresses 
than rough and angular crushed rock, probably because mechanical bond is influenced 
by the surface properties and to a certain degree by the shape of the coarse aggregate 
(Jones and Kaplan, 1957). 
The influence of shape and surface texture of coarse aggregate to the strength of 
concrete is qualitatively the same as on the flexural strength. Kaplan in 1959 observed 
that the flexural strength of concrete is generally lower then the flexural strength of 
corresponding mortar. Mortar would thus seem to set the upper limit to the flexural 
strength of concrete and the presence of the coarse aggregate generally reduces this 
strength. On the other hand, the compressive strength of concrete is higher than that of 
mortar which according to Kaplan, indicates that the mechanical interlocking of the 
coarse aggregate contributes to the strength of concrete in compression. At this stage, 
noted that the coarse aggregate particles act as crack arresters so that under an 
increasing load, another crack is likely to open. Therefore, failure is gradual and even in 
tension, there are descending part of the stress-strain curve. 
As stated above, the compressive strength of concrete is one of the most important 
technical properties. In most structural applications, concrete is employed primarily to 
resist compressive stresses. For some reason, the compressive strength is generally used 
as measure of the overall quality of the concrete. In addition to its practical significance, 
the tensile strength of concrete has a fundamental role in the fracture mechanism of 
hardened concrete. It is an accepted view that fracture in concrete occurs through 
cracking. This means that concrete fracture is essentially a tensile failure regardless of 
whether the fracture is caused by compression, freezing or by other factors. Therefore 
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